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Introduction 

FAILURE  of  dairy  cows  to  reproduce  with  maximum  efficiency  re- 
sults in  serious  economic  loss.  When  cows  do  not  freshen  regularly 
(approximately  once  each  year)  there  is  a  loss  in  milk  production,  in 
the  number  of  calves  born,  and  in  the  number  of  animals  from  which 
replacements  may  be  selected.  Reproductive  efficiency,  or  high  and  low 
fertility,  are  relative  terms  used  to  describe  differences  in  the  frequen- 
cies of  successful  pregnancies.  In  order  that  a  dairyman  may  know  how 
much  emphasis  to  place  on  selection  for  reproductive  efficiency  relative 
to  other  traits  of  economic  importance,  it  is  necessary  that  he  knows  to 
what  extent  specific  measures  of  reproductive  efficiency  are  inherited. 

The  purpose  of  this  work  was  to  provide  additional  knowledge  con- 
cerning the  inheritance  of  specific  measures  of  reproductive  efficiency 
as  well  as  to  study  the  relationships  among  various  aspects  of  reproduc- 
tion of  dairy  cattle.  Using  the  records  of  the  cows  in  the  West  Virginia 
University  dairy  herds,  an  analysis  was  made  of  the  sex  ratio  in  the 
various  herds,  the  number  of  twins,  and  the  mortality  of  the  calves, 
both  when  born  singly  and  when  born  as  twins.  A  study  was  made 
also  of  the  length  of  the  gestation  period  of  the  various  breeds,  to- 
gether with  estimates  of  its  repeatability  and  heritability.  Finally,  the 
repeatability  and  heritability  of  certain  measures  of  breeding  efficiency 
of  the  cows  in  these  herds  were  estimated. 

Procedure 

Breeding  records  used  for  this  study  were  obtained  from  the  West 
Virginia  University  herds,  which  included  the  Holstein  and  Jersey  herds 
rom  1911  and  the  Ayrshire  herd  from  1917  to  1954.  The  number  of 
inimals  were  386  Ayrshires,  280  Holsteins,  and  184  Jerseys— a  total  of  850 
emales  of  breeding  age.  There  were  records  of  4,105  services,  1,956  con- 
eptions,  and  1,580  gestations. 


Results 

THE  RATIO  OF  BULL  TO  HEIFER  CALVES 

Single  Births 

Of  1,719  single  births  in  the  West  Virginia  herds,  51.5  per  cent  were 
males.  There  were  more  males  than  females  in  both  the  Jersey  (53.3  per 
cent)  and  Holstein  (53.7  per  cent)  herds,  but  less  in  the  Ayrshire  (48.6 
per  cent)  herd.  These  results  are  shown  as  ratios  in  Table  1.  This  figure  of 
51.5  per  cent  males  and  48.5  per  cent  females  compared  favorably  with 
figures  given  by  other  investigators.  For  example,  Johansson  (17),  using 
more  than  124,000  birth  records,  found  that  51.5  per  cent  were  males, 
with  neither  significant  variations  between  breeds  nor  for  the  age  of  the 
sire  or  dam.  Gowen  (12),  in  a  study  involving  more  than  200  herds,  found 
that  50.5  per  cent  were  males.  Other  investigators  (6,11,14,20)  have 
reported  figures  which  vary  from  51.0  to  53.1  per  cent  males. 

Twin  Births 

During  the  period  studied  80  calves  were  born  as  twins  in  the 
various  herds.  This  was  about  4.4  per  cent  of  total  births,  or  one  set  of, 
twins  to  every  43  single  births.  This  incidence  of  twinning  varied  slight- 
ly with  the  breeds.  The  Holstein  breed  had  5.6  per  cent,  the  Jersey  breed 
4.6  per  cent,  and  the  Ayrshire  breed  3.3  per  cent  twin  births.  The  per- 
centage of  males  to  females  was  reversed  in  twin  births,  as  compared  to 
single  births.  Only  40.0  per  cent  of  the  twins  of  all  breeds  were  males; 
Ayrshires  33.3  per  cent,  Holsteins  38.9,  and  Jerseys  50.0  (See  Table  1). 
Johansson  (17),  in  a  similar  study,  found  an  average  of  96.3  twin 
males  for  every  100  twin  females.  He  attributed  the  lower  proportion 
of  males  as  probably  due  to  a  large  number  of  male  young  being  ex- 
pelled early  in  the  gestation  period.  Nevertheless,  the  data  reported  here 
are  insufficient  to  lead  one  to  conclude  that  sex  ratio  is  dependent  on 
type  of  birth.  Chi-square  values  approached  but  did  not  equal  the  5 
per  cent  probability  level  which  would  have  led  to  a  rejection  of  the 
hypothesis  that  sex  and  type  of  birth  are  independent  characteristics  ol 
reproduction. 

MORTALITY 

Of  the  1,719  single  births,  5.7  per  cent  of  the  calves  were  born  deac 
or  died  on  the  day  of  birth.  Mortality  was  much  greater  among  twins 
with  35.0  per  cent  of  the  80  calves  dead  at  birth,  and  the  percentage  oi 
all  calves  dead  at  birth  was  7.0  per  cent.  The  mortalities  of  calves  oi 
the  different  breeds  are  presented  in  Table  2. 

In  the  Jersey  herd  14  twin  calves  either  died  or  were  dead  at  birth 
and  only  6  were  alive,  which  is  a  mortality  of  70.0  per  cent  at  birth 
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Table  1.  Sex  Ratios  of  Calves  by  Type  of  Birth 


Bee  ed 

Sex 

Number  of  Births 

Ratio  Males  to  Females 

Twin  Births  : 

Single 

Twin 

Total 

Single 

T  WIN- 

Total 

Percent  of 
Total 

Male 

339 

8 

347 

94.7 

SO. 0 

92.8 

2.3 

Ayrshire 

Female 

358 

16 

374 

100.0 

100.0 

100.0 

4.3 

Male 

327 

14 

341 

116.0 

63.6 

112.2 

4.1 

Holstein 

Female 

282 

22 

304 

100.0 

100.0 

100.0 

7.2 

Male 

220 

10 

230 

114.0 

100.0 

113.3 

4.3 

Jersey 

Female 

193 

10 

203 

100.0 

100.0 

100.0 

4.9 

Male 

886 

32 

918 

106.4 

66.7 

104.2 

3.5 

All  Breeds 

Female 

833 

48 

881 

100.0 

100.0 

100.0 

5.4 

Totals 

1719 

80 

1799 

4.4 

Table  2.  Mortality  of  Calves  by  Type  of  Birth 


Breed 

Type  of 
Birth 

Number  of  Calves 

Percent 

Dead 
At  Birth 

Alive 

Dead 

Total 

Singles 

665 

32 

697 

4.6 

Ayrshire 

Twins 

18 

6 

24 

25.0 

Total 

683 

38 

721 

5.3 

Singles 

568 

41 

609 

6.7 

Holstein 

Twins 

28 

8 

36 

22.2 

Total 

596 

49 

645 

7.6 

Singles 

388 

25 

413 

6.1 

.Jersey 

Twins 

6 

14 

20 

70.0 

Total 

394 

39 

433 

9.0 

All  Breeds 


Singles 
Twins 
Total 


1621 

52 

1673 


98 

28 

126 


1719 

80 

1799 


5.7 

35.0 

7.0 


The  Holstein  herd  averaged  22.2  per  cent  and  the  Ayrshire  herd  25.0 
per  cent  twin  calves  dead  at  birth.  When  all  breeds  were  combined,  it 
was  found  that  they  had  given  birth  to  52  living  twin  calves  and  28 
dead  twin  calves.  This  difference  in  mortality  of  single  and  twin  calves 
is  highly  significant  statistically  for  each  of  the  breeds  and  for  all  breeds 
combined.  For  some  unknown  reason  the  conditions  in  the  uterus  seem 
to  be  less  favorable  for  twins  than  for  single  calves,  and  to  some  extent 
the  male  twin  has  a  higher  mortality  rate  than  does  the  female. 

The  incidence  of  multiple  births  increased  as  the  average  age  of 
the  cow  within   a   breed   increased. 

WEIGHT  OF  CALVES  AT  BIRTH 

The  weights  of  the  calves  at  birth  are  given  in  Table  3.  These 
weights  were  about  the  same  as  those  reported  by  other  workers  (8,9,25) . 
The  male  calves  were  5  to  10  per  cent  larger  than  the  females  and  the 
twin  calves  much  smaller  than  single  born  calves. 

Table  3.  Birth  Weights  of  Calves  (lbs.) 


Male 

Female 

Twin 

Male 

Twin  Female 

Breed 

No. 

Weight 

NO. 

Weight 

No. 

Weight 

No. 

Weight 

Ayrshire 
Holstein 
Jersey 

293 
289 
197 

75.5 
99.9 
57.1 

319 
248 
172 

71.1 
92.1 
53.1 

2 
6 

61.5 
70.2 

10 

10 
6 

59.4 
74.9 
43.5 

LENGTH  OF  GESTATION  PERIOD 

A  knowledge  of  the  length  of  gestation  in  the  dairy  cow  is  of  im- 
portance from  a  herd  management  standpoint  because  it  enables  the 
dairyman  to  give  the  cow  proper  preparation,  such  as  drying  off  at 
proper  time,  getting  her  in  proper  physical  condition  for  parturition  anc 
subsequent  lactation,  and  in  feeding  her  for  prevention  of  milk  fever. 
The  gestation  period,  in  the  past,  has  been  considered  to  be  283  days 
However,  recent  studies  (2,3,11,13,16)  have  shown  there  is  a  definite 
difference  among  the  breeds.  The  three  breeds  under  consideration  ir 
this  study  have  an  average  gestation  length  of  approximately  278  days 

Length  of  Gestation  Period  of  Normal  Calves 

There  were  1,580  gestations  resulting  in  the  birth  of  a  single,  normal 
living  calf,  and  26  gestations  producing  living  normal  twin  calves.  Lengtl 
of  gestation  ranged  from  239  to  321  days.  There  were  12  gestations  o 
260  days  or  less,  and  21  gestations  of  290  days  or  more.  The  three  breed 
were  all  represented  in  the  list  of  gestations  of  260  days  and  less  am 
290  days  and  over,  with  a  fairly  equal  distribution  among  them.  Tabl< 
4  shows  that  the  average  gestation  periods  were  278.2  days  for  the  Ayr 
shire,  278.3  for  the  Holstein,  and  277.5  for  the  Jersey  herd. 
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Effect  of  Sex  on  Length  of  Gestation  Period 

As  shown  in  Table  4,  there  was  no  significant  difference  in  the 
length  of  the  gestation  period  associated  with  the  sex  of  the  fetus.  The 
length  of  gestation  of  the  males  was  slightly  longer  in  both  the  Holstein 
and  Jersey  herds,  but  slightly  shorter  in  the  Ayrshire  herd.  When  data 
for  all  breeds  were  pooled,  the  average  length  of  gestation  was  278.2  days 
for  the  males  and  277.9  for  the  females.  Other  studies  (1,11)  have  shown 
that  males  are  carried  about  one  day  longer  than  females,  but  the  data 
in  this  study  did  not  show  this  large  a  difference. 

Effect  of  Twins  on  Length  of  Gestation  Period 

Herman  et  al.  (13)  and  Knott  (20)  have  reported  that  the  length 
of  twin  gestations  is  shorter  than  that  of  single  gestations,  averaging  about 
272  days.  The  results  of  this  study  confirmed  these  findings  (Table  4). 
The  average  length  of  twin-birth  gestation  for  the  three  breeds  was  273.8 
days.  Ayrshires  averaged  276.1;  Holsteins,  273.6;  and  Jerseys,  271.7  days. 

Effect  of  Age  of  Dam  on  Length  of  Gestation  Period 

Herman  et  al.  (13)  and  Knott  (20)  observed  an  increase  in  the  length 
of  gestation  as  the  age  of  the  dam  increased.  Brakel  et  al.  (4)  showed 
a  highly  significant  difference  of  1.46  days  between  the  gestation  length 
at  2  years  of  age  and  5  years  and  over.  In  the  present  study,  when  regres- 
sion lines  were  estimated  and  plotted  and  tests  were  made  for  the  signi- 
ficance of  the  regression  of  length  of  gestation  on  the  order  of  the  re- 
productive cycle,  the  Ayrshire  herd,  and  pooled  data  for  all  breeds,  showed 
this  regression  to  be  highly  significant  at  the  1  per  cent  level  of  probability. 
This  indicates  that  older  cows  have  longer  gestation  periods  than  younger 
cows. 

Repeatability 

It  has  been  assumed  that  length  of  gestation  period  is  repeatable  and 
that  a  cow  which  has  a  long  or  a  short  one  will  have  gestation  periods 
of  similar  length  throughout  her  reproductive  life.  This  was  found  not 
to  be  true  in  this  study.  The  Jerseys  had  the  highest  repeatability  (0.263) 
and  the  Holsteins  the  lowest  (—0.074),  whereas  the  repeatability  for 
Ayrshires  was  0.253.  When  the  data  for  all  breeds  were  pooled,  the  aver- 
age repeatability  of  length  of  gestation  was  found  to  be  0.049.  This  in- 
dicates that  there  is  essentially  no  correlation  between  the  length  of  re- 
peated gestations  on  the  same  individual  (see  Table  5).  Copeland  (5) 
and  Knott  (20)  agree  that  individual  cows  vary  widely  in  length  of 
gestation  periods  with  very  little,  if  any,  tendency  for  repeatability. 
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Heritability 

To  determine  the  heritability  of  length  of  gestation,  the  gestation 
periods  of  dams  and  daughters  were  compared.  In  this  study  439  daugh- 
ter-dam pairs  were  used— 209  Ayrshires,  142  Holsteins,  and  88  Jerseys. 
The  daughters  were  sired  by  176  different  bulls,  with  an  average  of  5.8 
daughters  per  bull,  ranging  from  1  to  23  daughters.  The  heritability 
of  the  length  of  gestation  (see  Table  5)  was  estimated  from  the  data  to 
be  0.028  for  the  Ayrshire  herd,  0.042  for  the  Holstein  herd,  and  -0.047 
for  the  Jersey  herd,  with  an  average  of  0.020  when  data  for  all  herds  were 
pooled.  This  would  indicate  that  length  of  the  gestation  period  is  not 
heritable.  These  estimates  are  lower  than  those  of  Brakel  (6)  who  re- 
ported correlation  coefficients  on  100  daughter-dam  pairs  of  0.32  in  Ayr- 
shires and  0.20  in  Jerseys  between  the  gestation  period  of  the  dams  and 
their  daughters. 

Breeding  Efficiency 

Two  measures  of  breeding  efficiency  were  used  in  the  study;  namely 
(a)  the  number  of  services  required  per  conception,  and  (b)  the  calving 
interval  in  days.  The  latter  method  was  used  both  when  only  single, 
normal,  living  calves  were  included  and  when  all  calvings,  including 
twins  and  calves  dead  at  birth,  were  included. 

Dumber  of  Services  Required  per  Conception 

The  results  of  this  part  of  the  study  are  shown  in  Table  6.  Breeding 
efficiency,  measured  by  services  per  conception,  averaged  1.79,  1.95,  and 
J.27  for  the  Jersey,  Holstein,  and  Ayrshire  herds,  respectively.  The  over- 
ill  average  was  2.05  services  per  conception.  The  high  average  number 
>f  services  per  conception  for  the  Ayrshire  herd  may  be  explained  par- 
ially  by  the  fact  that  a  very  real  attempt  has  been  made  to  keep  every 
emale  for  at  least  one  complete  lactation.  As  a  result,  first-calf  Ayrshire 
leifers  which  might  have  been  discarded  earlier  as  non-breeders  were 
>red  more  times  than  those  of  other  breeds. 

It  has  been  thought  that  if  an  animal  required  several  services  for 
>ne  pregnancy,  this  would  be  repeated  at  other  pregnancies.  This  was 
lot  the  case  in  this  study.  In  many  instances  an  animal  that  required 
sveral  services  for  one  conception  conceived  on  the  first  service  during 
he  next  breeding  period,  and  vice  versa.  A  study  of  the  repeatability  of 
his  factor  showed  a  correlation  between  repeated  records  of  only  0.006 
.hen  all  breeds  were  considered  (Ayrshire  —0.130,  Holstein  0.057,  Jer- 
jys  0.105).  This  reveals  that  the  number  of  services  required  for  con- 
eption  in  one  breeding  period  does  not  permit  an  estimate  of  the  num- 
er  which  might  be  required  in  the  next  period. 
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The  heritability  of  the  breeding  efficiency,  as  measured  by  services 
per  conception,  was  found  to  be  0.000  when  data  for  all  breeds  were 
pooled  (Ayrshires  0.029;  Holsteins  -0.022;  Jerseys  0.190).  This  relatively 
large  value  obtained  for  Jerseys  is  subject  to  very  large  sampling  error 
as  indicated  by  the  95  per  cent  confidence  limits  ±0.66.  These  estimates 
strongly  indicate  that  animals  should  not  be  selected  on  the  basis  of 
breeding  efficiency  based  on  services  per  conception,  as  the  number  of 
services  required  for  one  conception  is  neither  repeatable  nor  heritable. 
These  results  agree  with  those  of  other  workers  (7,21,24,29)  who  reported 
repeatability  of  services  per  conception  and/or  non-returns  to  first  ser- 
vice to  be  so  low  as  to  be  of  no  practical  value.  Although  no  estimates 
of  heritability  were  presented,  the  works  of  Tanabe  and  Casida  (26)  and 
Trimberger  and  Davis   (29)  indicate  that  it  is  very  low. 

Calving  Interval 

It  is  commonly  advised  that  365  days  is  the  ideal  calving  interval. 
Many  problems  of  dairying  would  be  solved  if  it  were  possible  to  have 
each  cow  in  the  herd  calve  each  12  months.  Although  365  days  is  the 
ideal  calving  interval  and  should  be  striven  for,  it  is  seldom  that  such  an 
interval  can  be  maintained  for  the  average  cow  in  the  herd.  Some  cows 
will  fail  to  conceive  when  bred  and,  as  a  result,  the  calving  interval  will 
be  lengthened.  In  the  study  under  consideration,  only  gestations  result- 
ing in  the  birth  of  a  normal,  single,  living  calf  were  used.  The  average 
calving  interval  was  396.5  days  when  all  breeds  were  included.  The  fol- 
lowing are  the  results  for  the  individual  breeds:  Ayrshire,  400.1  days; 
Holstein,  404.1  days;  and  Jerseys,  380.8  days.  When  all  intervals  were 
used,  regardless  of  type  of  birth  and  viability,  an  average  interval  of 
392.4  days  was  found  for  all  breeds;  Ayrshires,  399.3  days;  Holsteins,  395.3 
days;  and  Jerseys,  378.4  days.  The  results  of  this  study  are  shown  in 
Tables  7  and  8. 

These  tables  also  show  that  when  either  the  interval  between  normal 
births  or  between  all  births  was  used  as  a  measure  of  breeding  efficiency, 
the  repeatability  estimates  were  so  low  that  one  must  conclude  that  past 
records  of  calving  interval  on  an  individual  are  of  no  value  in. predicting 
future  calving  intervals  of  the  individual.  These  results  differ  somewhat 
from  the  work  of  Inchiosa  and  Pfau  (15)  and  Wilcox  and  Pfau  (30)  who 
reported  heritabilities  of  0.23  and  0.32,  respectively.  Their  methods 
estimated  the  heritability  of  the  average  calving  interval  rather  than 
a  single  calving  interval  and  thus  would  be  expected  to  be  higher. 

Effect  of  Management  on  Calving  Intervals 

It  is  interesting  to  note  the  trend  in  management  in  these  herds  over 
the  past  two  or  three  decades  as  reflected  by  changes  in  the  length  of 
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calving  intervals.  The  data  show  a  decrease  in  the  lengths  of  calving 
interval  for  all  of  the  breeds.  However,  when  tests  of  significance  of  re- 
gression were  made,  only  the  Ayrshires  showed  a  significant  regression  of 
length  of  calving  interval  on  time.  The  Ayrshires  declined  from  an 
average  of  400  days  in  1943  to  374.7  days  in  1950.  This  indication  of 
shorter  calving  intervals  in  all  breeds,  and  the  significant  difference  in 
the  Ayrshires,  is  due  partly  to  the  increased  emphasis  by  breed  associa- 
tions and  experiment  stations  in  stressing  the  value  of  the  305-day  records 
in  preference  to  the  365-day  records.  It  is  also  due  partly  to  better  herd 
management,  which  has  resulted  in  fewer  number  of  services  per  con- 
ception. The  final  result  of  these  two  factors  is  that  the  average  calving 
interval  is  decreasing. 

Length  of  Calving  Interval  as  Affected  by  Reproductive  Cycle 

When  the  regression  of  the  length  of  calving  interval  on  order  of 
reproductive  cycle  was  calculated  for  all  calvings  and  for  single,  normal, 
living  calves,  the  Holsteins  showed  a  significant  decrease  (b  =  —4.867  and 
—5.559,  respectively),  in  calving  interval  as  the  age  of  the  dam,  or  more 
correctly,  order  of  reproductive  cycle  increased.  Ayrshires  also  showed 
a  slight  decrease  (b  =  —0.035  and  —2.376,  respectively)  and  all  breeds 
(b  =  —1.79  and  —2.20,  respectively)  showed  a  slight  decrease,  but  the  Jer- 
sey calving  interval  increased  slightly  as  age  of  dam  increased.  This  was 
undoubtedly  due  in  part  to  changes  in  management  associated  with  time 
and  to  change  from  365-day  to  305-day  lactation  periods.  The  calving 
interval  might  be  expected  to  increase  as  reproductive  cycle  order  in- 
creased because  of  selection  for  other  traits.  Dairymen  usually  permit 
the  good  brood  cows  more  services,  when  necessary,  than  they  will  young, 
unproven  brood  cows.  Therefore,  this  indication  that  the  length  of 
calving  interval  decreases  as  reproductive  cycle  increases  is  thought  to  be 
confounded  with  time  trends,  since  there  was  an  indication  that  the 
average  calving  interval  decreases  with  time. 

Many  herdsmen  speak  of  certain  cows  in  their  herd  as  being  "hard 
breeders"  and  certain  cow  families  within  their  herd  as  having  a  low 
breeding  efficiency.  Many  dairymen  have  gone  so  far  as  to  select  for  high 
breeding  efficiency,  but  on  the  basis  of  this  study  and  studies  reported 
by  other  workers,  it  seems  very  likely  that  any  success  they  have 
had  was  due  to  improved  enviromental  and  management  conditions 
rather  than  to  inheritance.  On  the  basis  of  these  data,  and  investigations 
of  others,  it  would  seem  that  selection  for  high  fertility  in  terms  of  ser- 
vices per  conception,  or  calving  interval,  cannot  be  very  effective  and  that 
consideration  of  these  traits  would  serve  only  to  decrease  the  effectiveness 
of  selection  for  such  traits  as  milk  and  butterfat  production  and  type 
conformation. 
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Summary  and  Conclusions 

Reproduction  data  based  on  4,015  services,  1,956  conceptions,  and 
1,580  gestations  in  the  Reymann  Memorial  Ayrshire  and  West  Virginia 
University  Holstein  and  Jersey  herds  were  summarized.  This  included 
various  aspects  of  reproduction  such  as  breeding  efficiency,  length  of 
gestation,  birth  weights,  sex  ratios,  and  viability  of  offspring.  Estimates 
of  how  accurately  one  could  predict  the  length  of  gestation,  services  per 
conception  and  calving  intervals  from  past  records  on  an  individual  and 
records  on  her  relatives  were  also  obtained. 

These  results  should  provide  a  better  understanding  of  reproduction 
and  result  in  a  more  accurate  knowledge  of  the  relative  emphasis  to  place 
on  the  several  traits  involved  in  a  selection  program.  Some  of  the 
results  of  this  investigation  follow: 

1.  Sex  Ratios— The  sex  ratio  for  all  breeds  was  106.4  males  to  100 
females  for  single  calves.  When  only  twin  births  were  considered,  a| 
ratio  of  66.7  males  to  100  females  was  found.  This  was  not  significant 
at  the  95  per  cent  level,  although  it  did  approach  significance.  There 
was  also  insufficient  evidence  to  conclude  that  sex  was  influenced  by 
reproductive   cycle,   service,   or  viability. 

2.  Mortality  of  Offspring— All  breeds  combined  gave  birth  to  52  liv- 
ing twin  calves  and  28  dead  twin  calves,  or  35.0  per  cent  dead  at  birth 
as  compared  to  only  5.7  per  cent  of  the  single  calves  being  born  dead. 
The  difference  between  the  viability  of  twins  and  single  calves  was  high- 
ly significant,  indicating  conditions  in  the  uterus  are  less  favorable  to 
twins  than  to  single  calves. 

3.  Gestation— The  average  length  of  gestation  was  278.0  days  for  all 
breeds  combined  with  a  total  of  1,580  births.  Breed  averages  were: 
Ayrshires  278.2,  Holsteins  278.3,  and  Jerseys  277.5  days.  This  indicates 
that  the  average  gestation  is  approximately  five  days  less  than  the  figure 
of  283  which  is  widely  used.  Repeatability  and  heritability  estimates  of 
gestation  length  were  0.049  and  0.020,  respectively,  which  indicates  that 
past  records  on  an  individual  or  her  relatives  are  of  no  value  in  predict- 
ing the  length  of  future  gestations.  This  is  further  justification  for  using 
the  mean  length  of  278  days.  Confidence  limits  at  the  95  per  cent 
level  of  probability  on  the  heritability  estimates  were  ±0.148,  and  the 
same  limits  on  the  average  gestation  were  ±0.35. 

4.  Breeding  Efficiency— Three  different  measures  of  reproductive  ef- 
ficiency were  used  to  determine  how  effective  selection  for  this  trait  could 
be.  They  were:  (a)  Services  per  conception— an  average  of  2.05  services 
were  required  per  conception.  Repeatability  and  heritability  estimates 
were  0.006  and  0.000,  respectively,  (b)  calving  intervals  of  all  calvings 
regardless  of  type  of  birth  or  viability— the  average  calving  interval  was 
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392.4  days  for  988  intervals.  Repeatability  and  heritability  estimates 
were  —0.018  and  —0.009,  respectively,  and  (c)  calving  intervals  of  single, 
normal,  living  calves— a  total  of  822  intervals  averaged  396.5  days.  Re- 
peatability and  heritability  estimates  were  0.010  and  0.113,  respectively. 
On  the  basis  of  these  results,  it  is  concluded  that  selection  for  ferti- 
lity in  dairy  cattle,  as  measured  by  services  per  conception  or  calving  in- 
tervals, would  not  be  effective.  Any  emphasis  placed  on  selection  for 
this  trait  would  only  reduce  the  progress  made  in  seletcion  for  other 
traits  of  economic  importance. 
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